Introduction
Symptomatic anemia is a frequent and severe complication of chemotherapy used to treat solid tumors and malignant diseases of the blood, leading to fatigue and other related symptoms, which can significantly compromise patient quality of life. 1 Additionally, chemotherapy-induced anemia (CIA) may signal inferior clinical outcomes. Correction of anemia may be accomplished by transfusion with red blood cells (RBCs) or administration of erythropoiesis-stimulating agents (ESAs) with or without iron supplementation. RBC transfusions are efficient in rapidly increasing hemoglobin (Hb) levels and consequently reversing anemia quickly. However, their use implies potential high risks to patients such as procedural complications, iron overload, thrombosis, immunologic injury, exposure to viral and bacterial infections, and transfusion-related acute lung injury. 2 ESAs are human recombinant forms of erythropoietin, which stimulate bone marrow to produce RBCs. 3 The use of ESAs can alleviate symptomatic anemia and avoid potential complications associated with blood transfusions. 4, 5 Clinical trials show that ESAs reduce the number of RBC transfusions and decrease fatigue in CIA patients, which result in improved anemia and quality of life. [6] [7] [8] [9] [10] [11] [12] However, trials using an off-label target Hb level of .12 mg/dL indicate possible safety issues associated with the use of ESA therapyincreased risk of thrombosis-related events and decreased overall survival. Weighing all the evidence, the European Medicines Agency's Committee for Medicinal Products for Human Use suggests that the benefits of using ESAs in approved indications in CIA (Hb 10-12 g/dL) continue to outweigh the associated risks, including increased risk of tumor progression and venous thromboembolism and reduced survival. 13 Since the patent protection of the first ESA ended (epoetin alfa), several new biosimilar agents have become available. 14 Although the quality, safety, and clinical efficacy of biosimilar products has been established by preclinical, clinical, and post-approval assessments, 15 continued post-approval safety studies of biosimilar products are recommended. 16 The recent 6-month post-marketing ORHEO (BiOsimilaRs in the management of anemia secondary to chemotherapy in HaEmatology and Oncology) study assessed the Hb response in adult patients with chemotherapy-induced anemia (N=2,333) undergoing treatment for solid tumors, lymphoma, or myeloma following treatment with biosimilar epoetin zeta (Retacrit ® ; Hospira, a Pfizer Company). 17 Overall mean standard deviation (SD) increase in Hb level was 1.5 (1.6) g/dL at 3 months and 1.7 (1.6) g/dL at 6 months.
The primary objective of this subanalysis of the OHREO Study (OHREO Trial registration: NCT01626547) was to assess the change in Hb levels in solid tumor and lymphoma or multiple myeloma subgroups. Secondary objectives were to evaluate the profiles of treated patients, evaluate the treatment plans for each prescriber, observe changes in blood values in each subgroup, evaluate the correlation between the therapy plans of prescribing oncologists and patient characteristics, and assess the tolerability profile of epoetin zeta.
Methods
This study was approved by Germany Federal Institute for Drugs and Medical Devices, which decided that patients were not required to provide written informed consent because this study was observational and non-interventional. The guideline Quality-Assurance Measures in Non-Interventional Studies was used in this study. 18 
study participants
Patients from oncology and hematology practices (N=291) were aged $18 years with solid tumors, malignant lymphomas or multiple myeloma, and chemotherapy-induced symptomatic anemia, regardless of chemotherapy treatment cycle and who were eligible for treatment with epoetin zeta, were enrolled. Patients not undergoing chemotherapy, had previously participated in a biosimilar epoetin zeta study, had known contraindications or were hypersensitive to the biosimilar epoetin zeta product, had erythroblastopenia or "pure red cell aplasia", had uncontrolled hypertension, or for whom adequate prophylaxis against thrombosis was not possible were excluded from the study.
study design
This was a non-interventional, multicenter, long-term observational study. Enrolled patients were evaluated at an enrollment visit, a 3-month follow-up visit, and a final 6-month visit. Since the dose per injection and the administration sequence and dosage form of the epoetin zeta products were not uniform, the weekly dose was calculated for each patient to ensure comparability. Demographic data were collected using patient and physician questionnaires.
Using the WHO definition, chemotherapy-induced anemia was defined as a decrease in Hb level to ,11 g/dL following the start of treatment. The widely accepted guidelines for the application of epoetin are described in the reports of the American Society of Clinical Oncology/American Society of Hematology (ASCO/ASH) 19 and European Organization for Research and Treatment of Cancer (EORTC) Working Groups. 20 ASCO/ASH recommends patients with chemotherapy-induced symptomatic anemia whose Hb values are #10 g/dL should be treated with ESAs, and if Hb is between 10 and 12 g/dL, consider ESAs according to clinical condition. 19, 21 The EORTC recommends that ESAs should be initiated at an Hb level of 9-11 g/dL based on anemia-related symptoms and be considered in selected asymptomatic patients with an Hb level of 11-11.9 g/dL if this would prevent a further decline in Hb. 22 OncoTargets and Therapy 2017:10 submit your manuscript | www.dovepress.com
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Biosimilar epoetin zeta for treating chemotherapy-induced anemia statistical analysis Analyzed data from a physician questionnaire included demographics, area of specialization, treatment of symptomatic anemia, use of epoetin zeta, including reasons for and against its use, and the use of other ESAs. Clinical data obtained for each patient included type of malignancy, presence of symptomatic anemia, vital signs, hematologic parameters, treatment with epoetin zeta, concomitant therapeutic interventions, clinical course, changes in Hb levels, and adverse events (AEs). All reported AEs were documented regardless of causality; however, only AEs of special interest are reported here.
The response to treatment was evaluated for patients receiving treatment with epoetin zeta. Responders were defined as patients satisfying any of the following criteria: a 1 g/dL rise in Hb after enrollment, Hb $10 g/dL at 6 months, or achieving a patient-specific Hb goal defined at enrollment visit, without blood transfusion during the last 3 weeks. Reasons for interrupted or discontinued treatment were recorded.
The tolerability analysis was based on the Safety Analysis Set (SAF), consisting of patients with at least one dose of epoetin zeta. The Efficacy Analysis Set (PPS) included SAF patients fulfilling all inclusion and exclusion criteria, who had an evaluable Hb value at baseline and during or shortly after receiving treatment.
Results
study patients
Among the 291 enrolled patients, 290 (99.7%) were included in the safety analysis and 278 (95.5%) were included in the efficacy analysis. Among patients stratified by disease, 30 (10.3%) had a lymphoma/myeloma and 260 (89.7%) had a solid tumor (two patients with both types of malignancy were assigned to the solid tumor group). The 3-month follow-up visit was completed by 251 patients and the final 6-month visit was completed by 190 patients. There was a mean of 81.4 days between enrollment and follow-up and 148.0 days between enrollment and the final visit. Except for gender differences among patients with breast cancer, patient demographics and baseline clinical characteristics were similar across groups (Table 1) . Patients with breast cancer were non-metastatic (n=65), metastatic (n=21), or undetermined (n=9). There were no differences in baseline ECOG/WHO status stratified by disease across groups (Table 2) .
Among patients with solid tumors (N=260), the mean (SD) disease duration was 3.9 (3.3) years. Tumors were localized to the breast (n=95), ovaries (n=32), lungs (n=27), colon or rectum (n=22), cervix (n=15), urological system (n=12), liver (n=6), and neck or head (n=5). The current stage of disease in most patients was T-3 (22.1%), N-0 (25.2%), and M-0 (40.7%).
Among patients with hematological malignancies (N=32), most (68.8%) had lymphoma. The mean disease duration was 5.0 (4.6) years and the mean number of prior chemotherapy cycles was 5.4 (8.5). There was one autologous stem cell transplant and no allogeneic stem cell transplants. Overall, 89.3% of patients were treated with chemotherapy alone, with little difference across disease groups. Radiochemotherapy was used to treat two patients with lymphoma/ myeloma (6.7%), 13 patients with breast cancer (13.7%), and 16 patients with other solid tumors (9.7%).
hemoglobin
For 45% of the patients, the Hb level was between 9 and 10 g/dL, and in 27% of patients, levels ranged from 10 to 11 g/dL. For patients with breast cancer, 36.2% were in the range of 9-10 g/dL, which was the lowest proportion of 
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losem et al patients in this category, and 50% of patients with lymphoma/ myeloma, which was the highest proportion of patients. In the range from 10 to 11 g/dL, it is the opposite. Here, patients with breast cancer with 37.2% were the largest proportion and patients with lymphoma/myeloma with 10% were the smallest proportion (Table 3 ). The mean hematocrit was 29.9%, with little difference across groups. Unfortunately, only a minority of all patients had a complete examination of iron storage including transferrin saturation thus precluding a detailed analysis. Since the reticulocyte count results were only available for 89 patients and showed an extremely large variation among patients with solid tumors, median values were determined with an overall median value of 34.6 mm 3 ( Table 4 ). The median values were 19.0 and 41.3 mm 3 for patients with lymphoma/ myeloma and breast cancer, respectively. The overall mean serum iron value was 71.5 µg/dL and as high as 75.8 µg/dL in patients with lymphoma/myeloma and as low as 65.5 µg/dL in patients with breast cancer. The total serum iron level was only available for 89 patients.
Treatment of symptomatic anemia with epoetin zeta
Epoetin zeta was administered subcutaneously to all patients. The median weekly dose was 40,000 IU for patients with solid tumors and 30,000 IU for patients with lymphoma/myeloma. The majority of patients received epoetin zeta weekly with little difference between the underlying diseases.
concomitant therapies
Patients with solid tumors were treated with concomitant B-vitamins (4.1%) and other vitamins (4.8%), folate (4.5%), and intravenous (13.8%) or oral iron (3.1%). Only one patient with lymphoma/myeloma (3.3%) was treated with intravenous iron. Sixty-five patients (22.4%) received a blood transfusion during the year prior to enrollment, including 
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Biosimilar epoetin zeta for treating chemotherapy-induced anemia patients with lymphoma/myeloma (n=10, 33.3%) and other solid tumors (n=10, 10.5%). Among patients with breast cancer, 45 (27.3%) received a blood transfusion during the year prior to enrollment.
Primary study objective: changes in hb Follow-up visit
Among the enrolled patients (N=290), the follow-up and final visits were completed by 251 (86.6%) and 190 (65.5%), respectively. Efficacy was analyzed in both the Safety and Efficacy Analysis sets, but the differences between them were small. At enrollment, there were 289 patients in the SAF versus 278 patients in the PPS. At the follow-up and final visits, the difference between the populations was only one patient (251 vs 250 and 183 vs 182). Overall, mean (SD) Hb level increased from 9.7 (1.0) g/dL at enrollment to 11.0 (1.4) and 11.4 (1.5) g/dL at the follow-up and final visits, respectively (Table 5) . Patients with breast cancer had the highest mean Hb values at the follow-up and final visits at 11.1 (1.2) and 11.7 (1.2) g/dL, respectively; however, these patients also had the highest mean Hb value of 10.0 (1.0) g/dL at enrollment. Patients with lymphoma and myeloma showed the greatest increase in mean Hb from 9.2 (0.9) to 11.0 (1.8) g/dL to 11.7 (2.3) g/dL (Table 5 ). Changes in Hb for all patients with solid tumors are shown in Table 5 .
The overall Hb values for most patients at enrollment were #9-10 g/dL; however, they rose to 10-12 g/dL for most patients at the follow-up visit. Especially notable were increases to .12 g/dL, which were uncommon at enrollment (Table 6) . Hb values for most patients were 10-12 g/dL at the follow-up visit and 11-12 g/dL at the final visit. Hb levels $13 g/dL, which were observed in 4.8% of patients at the follow-up visit, increased to 10.9% at the final visit. Patients meeting one or more of the following criteria were defined as responders: Criterion 1, Hb $10 g/dL after 6 months; Criterion 2, rise in Hb value by 1 g/dL; or Criterion 3, reaching the individual patient Hb target established at enrollment (without blood transfusion during the prior 3 weeks). Overall, 84.8% of patients being treated with epoetin zeta responded with little difference across groups (Table 7) . Overall, the mean Hb level in responders increased from 9.8 (0.9) g/dL at enrollment to 11.2 (1.2) g/dL at follow-up. Patients with lymphoma/myeloma had the highest mean Hb of 11.4 (1.2) g/dL. The greatest mean increase was from 9.3 (0.9) to 11.4 (1.2) g/dL in patients with lymphoma/ myeloma, while the smallest increase was in patients with breast cancer from 10.0 (1.0) to 11.2 (1.2) g/dL.
changes in therapy
At the follow-up visit, three patients with breast cancer (3.2%) and three patients with other solid tumors (1.8) had a change in epoetin zeta dosage. Among patients with breast cancer, reasons for the change were Hb above target level (n=1, 1.1%), other reasons (n=1, 1.1%), and one reason not recorded. Among patients with other solid tumors, reasons for changing therapy were Hb below target level (n=1, 0.6%), Hb above target level (n=1, 0.6%), and other reasons (n=1, 0.6%). At the final visit, three patients with breast cancer (3.2%) had a change in epoetin zeta therapy due to other reasons. Among four patients with other solid tumors (2.4%), three had changes due to Hb value still below the target range. These included one patient with and one patient without metastases and one patient with undetermined metastatic status. Overall, 92 patients (31.7%) had treatment with epoetin zeta interrupted or disrupted by the final visit, including 3 patients with lymphoma/ myeloma (10%) and 51 with breast cancer (53.7%).
hematologic changes hematocrit
Overall, the median hematocrit increased by 5.3% during the course of the study from 29.9% to 35.2% (Table 8 ). There was little difference between the malignancy types. 
Treatment of symptomatic anemia with epoetin zeta
Overall, the mean weekly dose of epoetin zeta increased at the follow-up visit and decreased at the final visit. Among lymphoma/myeloma patients, the weekly dose also increased at follow-up visit, but decreased to a mean dose significantly below baseline at the final visit (31,000 IU vs 34,333 IU). The dose in patients with breast cancer and other solid tumors remained relatively stable. Among patients with breast cancer, the mean weekly dose decreased from 557.6 IU/kg at enrollment to 541.3 IU/kg at the final visit.
concomitant therapy
Twenty-two patients (8.8%) received a blood transfusion at the follow-up visit and eight (4.2%) had a blood transfusion at the final visit. They were primarily patients with breast cancer.
Patient evaluation of biosimilar epoetin zeta therapy
Among patients providing a response at the follow-up visit, overall treatment satisfaction ranged from 57.7% to 62.8% across malignancy types and dissatisfaction ranged from 0% to 4.3% and approximately half (42.3%-50.6%) were willing to undergo re-treatment. Patient compliance was Very Good 
reticulocytes
The overall median reticulocyte count decreased during the study period from 34.6 to 31.4 mm 3 at the follow-up visit and 30.0 mm 3 at the final visit. The median reticulocyte count during the study increased in patients with lymphoma and myeloma from 19.0 mm 3 at enrollment to 21.0 mm 3 at the follow-up visit and 68.0 mm 3 at the final visit; however, this last value was from only one patient. Among patients with other solid tumors, the median reticulocyte count increased from 33.0 mm 3 at enrollment to 36.7 mm 3 at follow-up, decreasing to 31.2 mm 3 at the final visit.
serum iron
Overall median values for serum iron increased from 50.9 µg/dL at enrollment to 51.5 µg/dL and 59.6 µg/dL at the follow-up and final visits, respectively; however, median serum iron increased in patients with lymphoma/myeloma from 54.3 µg/dL at enrollment to 64.3 and 109.4 µg/dL at the follow-up and final visits, respectively. Among patients with other solid tumors, the median serum iron increased from 46.6 µg/dL at enrollment to 47.0 and 49.0 µg/dL at the follow-up and final visits, respectively.
Ferritin
Overall median ferritin levels initially increased from 396.5 µg/L at enrollment to 488.0 µg/L at the follow-up visit, declining to 271.9 µg/L at the final visit. Among patients submit your manuscript | www.dovepress.com
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or Good for 69.3%-80.5% of patients and patient independence improved for 19.2%-26.6%. Among patients providing a response at the final visit, overall treatment satisfaction ranged from 33.3% to 66.7% across malignancy types and dissatisfaction ranged from 0% to 1.2%. A somewhat smaller percentage of patients (30.0%-60.2%) were willing to undergo re-treatment. Patient compliance was Very Good or Good for 51.5%-76.3% of patients, and patient independence improved for 14.5%-30.1%. Patient satisfaction was similar regardless of metastatic status (62.5%-71.4%).
adverse events
All AEs that were reported during the study were recorded; however, only AEs of special interest are reported. Overall, 25 patients (8.6%) reported 31 AEs ( Table 9) . None of the patients with lymphoma/myeloma reported an AE. Eight patients with solid tumors (2.8%) reported eight serious AEs (Table 10) .
Discussion
Anemia is an expected complication for patients who are receiving chemotherapy treatment. Although patients with CIA experience reductions in transfusion requirements and fatigue 17 with ESAs, they come with a high cost, which may limit access in some countries. 23 Biosimilar medicines approved in the EU can offer physicians the reassurance of rigorous comparability studies and extensive clinical and post-marketing surveillance programs, in addition to cost savings due to lower development costs. 17 Post-approval surveillance, real-world studies are an important component of post-approval efficacy and safety assessment of biosimilar medicines. Following the original ORHEO study, this study forms part of an ongoing surveillance program for epoetin zeta, a biosimilar of epoetin alfa.
The original OHREO study conducted in France demonstrated that biosimilar epoetin zeta was effective and well tolerated in the management of chemotherapy-induced anemia in patients with solid tumors, lymphoma, and myeloma. 17 Mean baseline Hb was 9.6 g/dL, with 35.6% of patients having moderate anemia (8-9.5 g/dL). Hb response was achieved in 81.6% and 86.5% of patients at 3 and 6 months, respectively. Overall mean (SD) change in Hb level was 1.5 (1.6) and 1.72 (1.6) g/dL at 3 and 6 months, respectively. Transfusion and thromboembolic event rates were 9.4% and 2.4% at 3 months, and 5.8% and 1.5% at 
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Biosimilar epoetin zeta for treating chemotherapy-induced anemia 6 months, respectively. 17 Patients with solid tumors other than breast cancer exhibited a much better response than those patients with breast cancer. There are several possible explanations including the nature of the disease, the duration of the disease, and the intensity of chemotherapy. Furthermore, the results of this study question the role of epoetin in breast cancer patients, given the modest response. Further study is therefore warranted. The results from this ORHEO study conducted in Germany showed similar results to the original French study, although no statistical analysis was conducted. Additionally, these results mimic and reinforce the efficacy observed in the pre-approval studies of Retacrit.
In this study, numerous improvements in other laboratory parameters were also observed among different patient populations. The median total reticulocyte count increased in patients with lymphoma/myeloma. Among patients with lymphoma and myeloma, the mean serum iron level initially decreased at the follow-up visit but then rose sharply at the final visit. The overall mean ferritin levels initially increased at the follow-up visit and decreased at the final visit but remained above baseline. A similar pattern was observed in patients with solid tumors. In contrast, mean ferritin levels decreased in patients with lymphoma and myeloma, but then increased to levels above baseline at the final visit. Mean transferrin saturation for these patients also increased. In patients with breast cancer, mean transferrin saturation remained relatively unchanged. However, given that the majority of patients did not have ferritin and transferrin levels available, these data should be interpreted with caution.
Secondary objectives were to evaluate treated patient profiles, observe changes in blood values, assess the safety profile of epoetin zeta, and describe prescriber treatment plans; however, little meaningful information was available regarding prescribing practices, as only nine prescribers completed the Physician Questionnaire. The overall median hematocrit increased with little difference across malignancy types. Median serum iron, ferritin levels, and transferrin saturation increased in patients with lymphoma/myeloma, median serum iron increased in solid tumors, and median transferrin saturation increased among breast cancer patients.
In general, epoetin zeta was administered once weekly with little difference between the disease groups or metastatic status. The weekly dose of epoetin zeta was decreased in patients with lymphoma and myeloma, while the dose in patients with breast cancer and other solid tumors remained stable.
Patient evaluation of epoetin zeta therapy was positive; as most patients expressed satisfaction with epoetin zeta treatment during the study, compliance with treatment was high and most indicated their willingness to be re-treated with epoetin zeta if necessary. Epoetin zeta was also well tolerated with relatively few AEs of interest occurring in patients with breast cancer (n=11, 11.6%) and other solid tumors (n=14, 8.5%) and none in patients with lymphoma and myeloma. The absence of AEs in patients with lymphoma and myeloma may be due to the small number of patients evaluated. There were few thromboembolic complications in patients with breast cancer (n=3, 3.2%) and other solid tumors (n=4, 2.4%).
The results of this observational study contribute to the growing body of evidence regarding the efficacy and safety of epoetin biosimilars in oncology. The efficacy results achieved with epoetin zeta in this study relate closely with previous research. A phase III study of epoetin zeta in CIA over a 12-week period in 216 patients reported a similar overall mean Hb increase of 1.8 g/dL, with 81.5% of patients achieving $1 g/dL Hb increase. 24 A recent review summarized the 
Conclusion
Overall, epoetin zeta was effective and well tolerated in patients with different types of solid and hematologic malignancies despite variability among different disease groups. Patient acceptance of epoetin zeta therapy was high, as most patients were compliant, expressed high satisfaction with treatment, and indicated their willingness to be re-treated if necessary.
